


Hydraulic model s tudies  on sa fe ty  devices 
fo r  t h e  inverted siphons on t he  Gateway Canal, a 
par t  of the Weber Basin Project ,  Utah, were conducted 
i n  t h e  Engineering Laboratories of the  Bureau of 
Reclamation a t  Denver, Colorado, during the  period 
of February t o  April  1954. 

The f i n a l  plans evolved from t h i s  study 
were developed through t h e  cooperation of t h e  
s t a f f s  of' the  Canals Design Section and the Hydraulic 
Laboratory. 

W i n g  t he  course of the  model s tud ies ,  
Messs. A. U. Kidder, J. A. Hufferd, R. D. Ridinger 
and W. N. Yehle arid others  of t he  Canals Design 
Section frequently vis i ted  t h e  laboratory to observe 
the model t e s t s  and discuss t he  resu l t s .  

The s tud ies  were conducted by T.  J. Rhone 
under the d i rec t  supervision of A. J. Peterka. 
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SW4ARY 

The model s t u d i e s  described i n  t h i s  r epor t  were performed t o  
develop a rescue device, t o  be  placed a t  t h e  en t rance  t o  an inve r t ed  
siphon, which would provide easy escape fo r  swimming o r  f l o a t i n g  
humans and animals t h a t  had inadve r t en t ly  f a l l e n  i n t o  t h e  canal .  

Inves t iga t ions  were performed on s e v e r a l  t ypes  of ramps 
p laced  over t h e  siphon ent rance  and inc l ined  i n t o  t h e  flow. I n  each 
case  t h e  ramp was placed i n  o r  downstream from a s p e c i a l l y  designed 
t r a n s i t i o n .  The prel iminary inves t iga t ions  showed t h a t  un le s s  t h e  
approaches and t h e  device were properly designed, v o r t i c e s  and eddies  
i n  t h e  siphon entrance were more v io l en t  and dangerous than i n  an 
unprotected entrance.  To provide s a t i s f a c t o r y  performance it w a s  
found necessary t o  d i r e c t  t he  flow toward the  center  of  t h e  channel 
by converging t h e  s i d e  walls t o  e l iminate  the  dead water a reas  where 
v o r t i c e s  and eddies  formed. 

To provide optimum performance i t  was necessary t o  r ep lace  
t h e  s o l i d  ramp of  t h e  prel iminary des ign  with a ramp composed o f  r i v e  
s t e p s  having part of  t h e  r i s e r  o f  each s t e p  l e f t  open t o  allow 
passage of  t h e  sur face  flow, Figure 9. Proper arrangement o f  t h e  
s t r u c t u r e  r e s u l t e d  i n  a very e f f e c t i v e  s a f e t y  device with e x c e l l e n t  
flow condit ions,  Figure 10, which was recommended f o r  f i e l d  cons t ruc t ion .  

IrnRODUCT ION 

Operation o f  various canal  systems ind ica t ed  t h e r e  was a 
need f o r  a device t h a t  would provide a measure of sa fe ty  a t  t h e  
en t rance  to i nve r t ed  siphons ( see  frontispiece). To s a t i s f y  this need, 
model s t u d i e s  were performed t o  develop a safety device f o r  use on t h e  
Gateway Canal, Weber Basin h.oJect,  Utah. It was o r i g i n a l l y  intended 



canal  f o r  t h e  dual  purpose o f  preventing t h e  bodies o f  dead animals 
from clogging t h e  siphon and a l s o  t o  permit swimming o r  f l o a t i n g  
animals o r  humans t o  escape before  being swept i n t o  t h e  siphons. 
These two i n s t a l l a t i o n s  were t o  be f i e l d  t e s t e d  before a d d i t i o n a l  
devices were cons t ruc ted;  however, when t h e  model s t u d i e s  showed t h a t  
t h e  s a f e t y  devices were r e l i a b l e ,  would provide n lneasure of  s a f e t y  
f o r  hutnans as w e l l  a s  animals, and were not  expensive t o  cons t ruc t ,  
t hey  were adopted f o r  a l l  seven inver ted  siphons on t h e  canal .  

THE MODEL 

A s c a l e  r a t i o  of 1: 12.22 was chosen f o r  t h e  model so t h a t  an 
a v a i l a b l e  part of an e x i s t i n g  canal  model and siphon p ipe  could be used 
f o r  these  t e s t s .  The model included a s h o r t  s ec t ion  o f  t h e  canal  
upstream from t h e  siphon, constructed o f  plywood, t h e  t r a n s i t j o n  
between t h e  canal  and t h e  entrance t o  t h e  inver ted  siphon cons t ruc ted  
from c l e a r  p l a s t i c ,  Figure 1. The ramps o r  s a f e t y  devices were made of  
waterproofed wood. S t ruc tu re  No. 2, Figure 1, was cons t ruc ted  l a t e r  
and w a s  not i n  t h e  model f o r  t h e  first  t e s t s .  

Water was supplied t o  t h e  model through t h e  permanent labora-  
t o r y  supply system and messwed with a 6-inch ven tu r i  meter. The flow 
depth i n  t h e  cana l  was con t ro l l ed  by a s l i d e  g a t e  p laced  on t h e  
downstream s i d e  o f  t h e  p l a s t i c  pipe. 

THE INVESTIGATION 

All devices were first t e s t e d  a t  t h e  maximum discharge of 700 
c f s  with t h e  flow depth i n  t h e  canal maintained a t  6.90 f e e t  o r  normal 
depth at  t h i s  discharge. The performarice o f  t h e  device being i n v e s t i -  
gated was judged by t h e  ve loc i ty  and d i r e c t i o n  of  t h e  sur face  flow as  
indica ted  by f l o a t i n g  c o n f e t t i  and a p a r t i a l l y  submerged model "deer," 
and by t h e  d i r e c t i o n  of  t h e  subsurface flow a s  ind ica t ed  by dye streams 
i n j e c t e d  i n t o  t h e  flow. If t h e  device being t e s t e d  caused dangerous 
eddies ,  l a r g e  vor t ices ,  o r  o t h e r  poor flow condit ions,  or  i f  t h e  flow 
d i d  not car ry  t h e  "deern t o  s a f e t y  on t h e  rescue device,  t h e  des ign  
being inves t iga t ed  was considered unsa t i s f ac to ry .  Devices which 
showed promise o r  operated w e l l  were f u r t h e r  t e s t e d  a t  350 cf8 and 
normal depth 4.85 f e e t .  

Prel iminary Design 

The prel iminary rescue device cons i s t ed  of  a s loping  s o l i d  ramp 
placed i n  t h e  s p e c i a l l y  shaped t r a n s i t i o n  upstream from t h e  siphon 
entrance,  Figure 2. 



v o r t i c e s  formed a t  t h e  upstream edge o f  the ramp t h a t  GeEe o f  such 
magnitude t h a t  f l o a t i n g  o r  p a r t i a l l y  submereed o b j e c t s  i n  the  cana l  
were swept i n t a  one o r  t h e  o t h e r  of t h e  vo r t i ces  and immediately c a r r i e d  
down i n t o  t h e  inver ted  siphon. Figure 3 shows t h e  flow appearance 
with t h i s  s a f e t y  device. Also shown i s  t h e  flow appearance a t  t h e  
siphon entrance with the  s a f e t y  device removed. A comparison of t h e s e  
p i c t u r e s  shows t h a t  t h e  prel iminary s a f e t y  device produced a flow 
condi t ion  a t  t h e  siphon entrance more dangerous than was p resen t  
without a s a f e t y  device. 

Without t h e  s a f e t y  device t h e  flow up t o  ' the  siphon ent rance  
was very smooth with only very s l i g h t  l o c a l  d is turbance  d i r e c t l y  over  
t h e  entrance. F loa t ing  o b j e c t s  were c a r r i e d  t o  t h e  heedwall of t h e  
sipnon ent rance  where they  were held;  however, s i n c e  t h e  w a l l  w a s  
v e r t i c a l ,  t h e r e  was no chance f o r  escape. P a r t i a l l y  o r  t o t a l l y  
submerged ob jec t s  on t h e  o t h e r  hand were immediately swept down i n t o  
t h e  siphon b a r r e l .  

The v io l en t  downward flow curren6s at  t h e  siphon elltrance 
indica ted  t h a t  it might be necessary t o  separa te  t h e  s a f e t y  device and 
t h e  siphon ent rance  s t r u c t u r e  i n  order  t o  develop a s a t i s f a c t o r y  
s a f e t y  device. It was a l s o  f e l t  t h a t  a g r e a t e r  flow a rea  between t h e  
ramp end t h e  t r a n s i t i o n  f l o o r  was necessary. The next  tests were made 
t o  determine t h e  a r e a  requirements. 

S t ruc tu re  No, 2 

The second s s f e t y  device was a sepa ra t e  s t r u c t u r e  e n t i r e l y  
removed from t h e  s iphon entrance,  S t r u c t u r e  No. 2, Figure 1. About 
100 f e e t  upstream from t h e  inver ted  siphon a wide rec tangular  bas in  
w a s  b u i l t  i n t o  t h e  canal  and connected t o  t h e  canal  by means of  s h o r t  
t r a n s i t i o n s ,  Figure 4. A s o l i d  escape ramp, inc l ined  i n t o  t h e  flow s o  
that f l o a t i n g  o r  p a r t i a l l y  submerged o b j e c t s  would be washed up on it, 
w a s  placed over  t h e  rec tangular  s ec t ion  so t h a t  t h e  e r e a  under t h e  , 

ramp w a s  equiva lent  t o  t h a t  of the  wetted canal  s ec t ion .  

I n  operat ion,  t h i s  arrangement was not s a t i s f a c t o r y  s ince  t h e  
ramp caused seve ra l  small v o r t i c e s  t o  form along each s i d e  w a l l  upstreeun 
from t h e  ramp, Figure 5A. There were a l s o  eddy cu r ren t s  t h a t  forced  
ob jec t s ,  f l o a t i n g  anywhere except down the exact  cent,er, i n t o  one o r  
t h e  o the r  o f  t h e  vo r t i ces .  

Since t h i s  device w a s  unsa t i s f ac to ry  and it appeared t h a t  
improvement could only be obtained by increas ing  i t s  s i z e  and t h e  length  
of t h e  approach t r a n s i t i o n ,  it was decided. t o  continue d e v e l o p e n t  of  
t h e  device a t  t h e  siphon entrance.  



The t h i r d  s t r u c t u r e  was loca ted  a t  t h e  siphon entrance and 
d i f f e r e d  from t h e  p r e l i n i n a r y  design In  t h a t  t h e  t r a n s i t i o n  between t h e  
canal and t h e  siphon ent rance  was made longer  and w a s  divided i n t o  two 
sec t ions ,  Fi,oure 6. I n  t h e  ~ p s t r e a m  sec t ion  t h e  canal  f l o o r  dropped 
about 6 f e e t  and t h e  s i d e  s lopes ,  while converging s l i g h t l y ,  changed 
from a 1-1/2:1 s lope  t o  v e r t i c a l  i n  a length  of  30 f e e t .  The second 
sec t ion ,  about 20 f e e t  i n  length,  had only  a s l i g h t  bottom s lope  and 
t h e  v e r t i c a l  s i d e  walls converged t o  t h e  siphon entrance,  Figure 6. 
The s a f e t y  device, 1-ocated i n  t h e  downstream o r  second sec t ion ,  con- 
s i s t e d  of a s o l i d  ramp placed over t h e  siphon ent rance  and sloped 
dcwnwnrd i n t o  t h e  flow, so t h a t  it could in t e rcep t  a f l o a t i n g  o r  
p a r t i a l l y  submerged ob jec t .  It was thought t h a t  by sepa ra t ing  t h e  two 
fea tu res ,  (1) t h e  t r a n s i t i o n  between the  canal  and t h e  siphon entrance,  
and ( 2 )  t h e  s a f e t y  device,  t h a t  t he  a c t i o n  o f  one would not i n t e r f e r e  
w i t h  t h e  ac t ion  of t h e  o t h e r  and that a s a t i s f a c t o r y  design would 
r e s u l t .  

Flow through t h i s  device was d e f i n i z e l y  improved ove: that pre- 
v ious ly  obtained but s t i l l  was not  e n t i r e l y  s a t i s f a c t o r y ,  Figure 5B. 
Although a f l o a t i n g  o r  p a r t i a l l y  submerged ob jec t  was c a r r i e d  up onto 
t h e  ramp, the re  was a reverse  flow along both walls from t h e  s a f e t y  
device ups$ream, and unless  t h e  ob jec t  w a s  a b l e  t o  walk up t h e  ramp 
i r i e d i a t e l y  a f t e r  being deposi ted thereon,  t h e  r eve r se  cu r ren t  c a r r i e d  
it upstrewn t o  r e -en te r  t h e  dounstream flow again.  The reverse  cu r ren t  
a l s o  coused vor t i ces  t o  form at the upstream edge o f  t h e  ramp and t h e  
chances were about even t h a t  an ob jec t  washec? o f f  t h e  ramp by t h e  
reverse currenz would be t rapped in  a vor tex  r a t h e r  chan c a r r i e d  back 
onto t h e  r m p .  

The reverse  flow a t  the s a f e t y  device was caused p a r t l y  by t h e  
s o l i d  r.amp. The surface flow passed onto t h e  and not being a b l e  
t o  continue downstream was forced t o  t u r n  and flow aga ins t  t he  cu r ren t  
a long each w a l L .  

I t  was bel ieved t h a t  t h i s  reverse flow could be u t i l i z e d  i n  
providing an e f f e c t i v e  s a f e t y  device. Ver t i ca l  converging guide wa l l s  
extending only s u f f i c i e n t l y  deep t o  cont ra1  t h e  flow a t  h a l f  discharge 
were added t o  the  s t r u c t u r e  s o  t h a t  t h e  cur rent  passed along t h e  i n s i d e  
faces  of t he  wa l l s  and turned  t o  flow upstream around t h e  downstream 
end o f  t h e  w a l l .  F loa t ing  o b j e c t s  and t h e  model dee r  were c a r r i e d  
behind t h e  w a l l  and thus  could conceivably escape if 8 ramp could be 
devised,  Figure 7. 

Experiments with t h i s  arrangement showed t h a t  i n  o rder  t o  
maintain the  reverse flow a p a r t i a l  bottom opening between t h e  guide 



a p r a c t i c a l  escape rarnp and maintaining t h e  bottom opening a t  the same 
time combined with the  general  complexity of t h e  s t r u c t u r e  made t h i s  
device  impract ical .  

T e s t s  were continued on t h e  bas i c  f e a t u r e s  of  S t r u c t u r e  No. 3, 
however, t o  prevent o r  minimize t h e  reverse  flow by p e r f o r a t i n g  o r  
removing t h e  nlicldle po r t ion  of  t he  ramp t o  allow t h e  su r face  flow t o  
continue dolmstream. 

Wich the cen tc r  por t ion  of the ramp renoved the  s a f e t y  device 
consisxed of a ledge around t h e  ou te r  edge of t h e  t r a n s i t i o n .  Perfor-  
mance was unsa t i s f ac to ry .  

The s l i g h t  improvement i n  t h e  flow condi t ions  when t h e  per-  
f o r a t e d  ramp was used ind ica t ed  t h a i  a ramp with l a r g e r  pe r fo ra t ions  
o r  openings might perform b e t t e r .  In  o rde r  t o  provide l a r g e r  openings 
which would n o t  i n  thenselves becorne a hazard t o  animals o r  humans, 
t h e  s o l i d  r m p  w i t h  holes  was replaced by a  stepped ramp, which i n  
e f f e c t  was a  s tairway.  The s t e p s  had 5.5-foot t r e a d s  and 1-l /k-foot  
r i s e r s .  S ix  inches o f  t h e  r i s e r s  were l e f t  open t o  allow flow 
passage,  Figure 8. 

Figure 5C shows the  flow appearance with t h e  szepped ramp, 
The opera t ion  was very good ~ n d  i n  t h e  maJority o f  t h e  t r i a l s  a  
f l o a t i n g  o r  p a r t i a l l y  submerged ob jec t  w a s  c a r r i e d  t o  s a f e t y  by being 
depos i ted  we l l  up on t h e  s tepped r m p .  However, zhere  was s t i l l  a 
s l i g h t  return flow along both wal l s  t h a t  sometimes re turned  t h e  ob jec t  
i n t o  the approaching flow. I t  was found t h a t  t h i s  undesirable f e a t u r e  
could be cor rec ted  by us ing  converging guide walls t o  d i r e c t  t h e  
s u r f a c e  flow toward t h e  cen te r  of t he  stepped ramp. 

Recoml~ended S t ruc tu re  

The recomnended s t r u c t u r e  combined t h e  b e s t  f e a t u r e s  and 
modif icat ions of S t r u c t u r e  No. 3, including s impl i f i ca t ion  of c e r t a i n  
f e a t u r e s  t o  e l iminate  unusual f i e l d  cons t ruc t ion  problems. The 
recommended s t r u c t u r e  cons i s t ed  of  t w o  separa te  sec t ions ,  an upstream 
and a downstrean sec t ion ,  Figure 9. 

The u p s t r e w  sec t ion ,  30 f e e t  long, contained v e r t i c a l  w a l l s  
on each s i d e  t h a t  converged f ron  t h e  35-foot t o p  width of  t h e  canal  t o  
t h e  11-foot ~ i p h o n  ent rance  width; t h e  f l o o r  dropped about 7 f e e t  i n  
e l e v a t i o n  on a t r a j e c t o r y  curve; and at  t h e  i n t e r s e c t i o n  of t h e  s i d e  
wa l l s  and t h e  f l o o r  a  va r i ab le  height  f i l l e t  was used on each s i d e  t o  
complete t h e  t r a n s i t i o n  from t h e  s loping  canal  banks t o  t h e  v e r t i c a l  
w a l l  o f  t h e  downstream sec t ion .  



The downstream s e c t i o n  of  t h e  recommended s t r u c t u r e  was about 
12 f e e t  long and had v e r t i c a l  s i d e  wal l s  set 11 f e e t  a p a r t ,  with the  
s t e p s  of  t h e  s a f e t y  device spanning t h i s  opening. Each o f  t h e  f i v e  
s t e p s  had a 2-1/3-foot t r e a d  and a 15-inch r i s e r .  The lowest s t e p  of 
t h e  ramp was 8-1/2 f e e t  above t h e  f l o o r  a t  i t s  upstream edge, Figure 9. 

The recommended s t r u c t u r e  was checked a t  t he  maximum discharge 

very good a t  both discharges,  Figure 10, i nd ica t ing  t h a t  t h e  device 
would opera te  s a t i s f a c t o r i l y  f o r  t h e  most prevalent  discharge range. 
The yerformance of t h e  s t r u c t u r e  w a s  a l s o  checked by means of  f l o a t i n g  
c o n f e t t i  and by dye streams in j ec t ed  i n t o  t h e  flow at varying depths.  
'The c o n f e t t i  showed t h a t  t he  su r face  flow l i n e s  were very smooth as t h e  
flow approached t h e  inver ted  siphon and t h e  s a f e t y  device caused no 
objec t ionable  vo r t i ces  o r  o t h e r  eddy cu r ren t s .  The flow l i n e s  f o r  t h e  
700 cfs d i s c h a r m  a r e  shown bv t h e  white  c o n f e t t i  t r a c e s  i n  t h e  p i c t u r e  
on t h e  r i g n t  s i d e  of Figure 10. The subsurface cu r ren t s ,  checked a t  
the two discharges by means o f  dye streams i n j e c t e d  i n t o  t h e  flow a t  
varylng deepti~s, a l s o  showed chat  t h e  flow approaching t h e  inver ted  

I 
siphon was very smooth with no objec t ionable  eddy cu r ren t s .  

I 
I n  making t h e  t e s t s  on t h i s  s t r u c t u r e ,  ob jec t s  and t h e  model 

deer  were usua l ly  thrown i n t o  the  canal  a s h o r t  d i s t ance  upstrean from 
the s a f e t y  device so  t h a t  they  were f l o a t i n g  o r  only p a r t i a l l y  submerged 
when they  passed through t h e  t e s t  s ec t ion .  The deer  o r  o t h e r  ob jec t s  
were always c a r r i e d  t o  s a f e t y  on t h e  ramp. It was found, however, t h a t  
t h e  deer ,  when pushed o f f  the s i d e  w a l l  d i r e c t l y  upstream from t h e  
r a r~p ,  sometimes penet ra ted  t h e  t o p  cur rent  which o r d i n a r i l y  c a r r i e d  
him t o  sa fe ty ,  and w a s  swept i n t o  t h e  siphon by t h e  undercurrents .  

It i s  very a n l i k e l y  t h a t  an animal would f a l l  i n t o  t h e  cana l  
a t  t h i s  p a r t i c u l a r  spot .  It is more l i k e l y ,  however, t h a t  small boys 
seeking a swimming hole might be deceived by t h e  q u i e t  su r face  water 
and d ive  i n t o  the  water from t h e  t o p  o f  t h e  w a l l .  To prevent  acc i -  

I 
dents  of t h i s  type a s h o r t  length  of  high fence extending about 30 
feet u~streaxn from the   ram^ should be i n s t a l l e d .  I 

I Another a u x i l i a r y  p r o t e c t i v e  device, t h i s  one t e s t e d  i n  t h e  
model, cons is ted  of  a g r i d  placed ac ross  t h e  flow opening beneath t h e  
ramp at t h e  upstream edge of t h e  lower s t ep .  The g r i d  had 6-inch 
openings between 112-inch ba r s  and was placed e i t h e r  v e r t i c a l l y  o r  
t i l t e d  s l i g h t l y  downstream. The t e s t s  showed t h a t  t h e  g r i d  d i d  not  
i n t e r f e r e  wi th  the  flow and t h a t  t h e  mesh could become about 15 percent  
clogged with debr i s  without a f f e c t i n g  the  usual  flow pa t t e rns .  This 
device  need not be i n s t a l l e d  unless  f i e l d  experiences show t h e  need. 



should flow a t  o r  near the  normal depth. Model ~ t u d i e s  showed t h a t  t he  
device was  very s a t i s f ac to ry  f o r  a11 discharges g rea te r  than 200 c f s  i f  
the  normal depth i n  t he  canal  w a s  maintained; however, i f  t h i s  depth 
was decreased about 1 foot t h e  operation, while s t i l l  adequate, was not 
completely sa t is factory .  For discharges l e s s ' t han  200 c fs ,  t he  water 
surface was below the  bottom s tep  of  t he  device, however, under most 
conditions t h e  flow i n  the  canal was su f f i c i en t l y  shallow t h a t  it was 
felt the re  was  s l i g h t  danger of humans o r  animals not being able t o  
maintain t h e i r  footing. 

Alternate Recommended Structure  

To s i m p l i o  t he  concrete form work f o r  t he  f i e l d  s t ruc tu re  an 
inves t igat ion wae made with the  curved surfaces of t h e  bottom end of 
t he  f i l l e t  i n  t he  upstream sect ion replaced with plane surfaces,  
Figure 11. Operation a t  mximum discharge showed t h a t  t h e  flow condi- 
t i ons  a t  the  s t ruc tu re  were sa t i s fac to ry  although t he  water surface 
was  rougher than it w a s  i n  t h e  recommended s t ructure .  When the  open 
port ion of t h e  s t ep  r i s e r s  were p a r t i a l l y  blocked, t he r e  was a tendency 
fo r  vor t ices  t o  form at t h e  upstream edge of t he  s a f e ty  device. On 
t he  bas i s  of these  t e s t s ,  it was decided t h a t  t he  curved surfaces  i n  
t h e  s t ruc tu re  were helpful  i n  providing good operating conditions. 

Modified Design 

After completion of  the  above*described tests and i n  t h e  
course of W i n g  t he  construction drawings, t h e  designers f e l t  t h a t  a 
streamlined and warped t r a n s i t i o n  which had a uniform area  change with 
respect  t o  length  would provide b e t t e r  performance and t h e  laboratory 
was asked t o  t e s t  t he  t r an s i t i on  shown on Figure 12. The flow appear- 
ance with t h i s  t r an s i t i on  was sirliilar t o  t h a t  obtained i n  t he  a l t e rna t e  
recommended design. The modified s t ruc tu re  was considered s a t i s f ac to ry  
but  because of t h e  decreased cross sec t iona l  area  In t h e  streamlined 
t r a n s i t i o n  t h e  flow was somewhat rougher than t ha t  f o r  t h e  recommended 
e tmc tu r e .  

An addi t ional  t e s t  was made on t he  modified s t ruc tu re  t o  show 
t h e  veloci ty  d i s t r i bu t i on  at t he  upstream edge of  t he  sa fe ty  ramp. 
Figure 13 is a p lo t  of  t h e  veloci ty  d i s t r i bu t i on  f o r  8 discharge of 
700 cfs  at normal depth. The d i s t r i bu t i on  was comparatively uniform 
with the  highest  veloci ty  occurring near the  center  of  t h e  cross section.  
The veloci ty  decreased uniformly toward the  surface and toward t h e  
f l o o r  from t h e  center .  
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